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158. Definition of a Reversible Galvanic Element The flow of electricity through conductors is associated with, several heat phenomena, some of which, are reversible and others irreversible.
When a current J flows through a wire of finite resistance E, and of uniform temperature throughout, available electrical energy of amount PR per unit time is absorbed, and either a quantity of heat equal to this is given to the surrounding media or a rise of temperature occurs in the wire equal to that which would be produced by imparting this quantity of heat to it. If the direction of the current be reversed the same transformation will take place. We have therefore a simple case of irreversible conversion of work into teat in the substance of the wire itself as explained in § 81, and entropy is generated in the wire at a rate per unit time represented
,     IZE by ~Y~-
As however the laws of irreversible thermodynamics are represented by inequalities instead of equations, we must in order to stndy reversible phenomena, leave this heating effect out of account, and for this purpose it is necessary either to assume perfect conductivity (JJ = 0) or to suppose the flow of electricity to take place infinitely slowly. If e is the quantity of electricity flowing through the wire in time t and we consider the simple case of a uniform current, we have e = It, so that the quantity of energy transformed is equal to ~—; and keeping e constant this quantity may be decreased in-
b
definitely by increasing t, as well as by decreasing JR. In either case the differences of potential in the conductors due to the currents vanish. In dealing therefore with a galvanic cell of finite electromotive force E we must therefore suppose a motor or a condenser (e. g. an air-condenser with parallel plates) included in the circuit giving rise to an equal and opposite electromotive force, and when a quantity of electricity de flows from the positive to the negative pole of the cell through the motor or in the same direction relative to the cell in connection with the condenser, a quantity of external work Ede will be done by the motor or by the attraction of the plates of the condenser. On reversing the process an equal quantity of available! energy must be supplied from without, in the form of mechanical work. In this statement it is assumed, consistently with the principles; of electrostatics or electromagnetism that the electrical energy passing to or from the condenser or motor is wholly of the nature of S only can occur in one phase, giving four phases altogether, in accordance with the rule.
